We compared winter diets of Western Arctic Herd Caribou (Rangifer tarandus) from 1995/1996 and 2005 using microhistological fecal analysis on samples collected at paired permanent vegetation transects. Changes in the diets of Caribou followed the same trends as vegetative changes documented in long-term studies in northwestern Alaska. Lichens were significantly less prevalent on the landscape and in the winter diets of Caribou between 1995/1996 and 2005, while graminoids (grasses and sedges) were significantly more prevalent. Dramatic changes are forecasted for Arctic ecosystems under global warming scenarios which may continue the trend of declining lichens in northwestern Alaska and in the diet of Western Arctic Herd Caribou. The question of whether or not the altered diet will affect the population dynamics of this herd remains unresolved.
The Western Arctic Herd (WAH), with nearly 500 000 Caribou (Rangifer tarandus) as of 2003, is currently one of the largest in the world. Population level records of the herd date back to 1970 when the herd was estimated to be 242 000 Caribou (Dau 2005a) . The WAH crashed between 1970 and 1976, falling to 75 000 Caribou (Dau 2005a) . It rebounded quickly from this population low, growing at an annual rate of about 13% for more than a decade and reached 416 000 Caribou in 1990 (Dau 2005a) . Growth has continued, albeit at a more measured 1% average annual growth rate, reaching 490 000 in 2003 (Dau 2005a ). The WAH is an important subsistence resource for approximately 30 villages in northwestern Alaska (Dau 2005a ) which harvest nearly 500 000 kg of meat from this herd annually (Valkenburg 1994) . Changes to the range on which this herd depends is therefore a subject of interest to the inhabitants of the region, sport hunters, wildlife enthusiasts and land managers. Our goal was to monitor changes in the vegetative characteristics of the herd's winter range, quantify the diets of Caribou utilizing this range, and track changes that have occurred since the previous decade.
The effects of global climate change are currently being expressed in the Arctic. Already documented are warming temperatures, melting glaciers, reduction of pack ice extent, shrinking lakes, and alteration of vegetative communities (Hansen et al. 1999; Serreze et al. 2000; Sturm et al. 2001; Smith et al. 2005) . In terms of arctic vegetation specifically, lichen abundance is predicted to decline while vascular shrubs and graminoids (grasses and sedges) may increase (Chapin et al. 1995; Cornelissen et al. 2001; Walker et al. 2006) . Though Caribou grazing and trampling have been implicated as major factors in reduced lichen abundance (Moser et al. 1979; Messier et al. 1988; Arseneault et al. 1997; Joly et al. 2007b) , climate change may further exacerbate declines. Lichens are thought to be a critical component of the winter diet of large, migratory herds in northern North America (White et al. 1981; Klein 1991) . Poor winter range conditions can affect body condition, fetal growth, calf birth weights, milk production, and calf growth rates (White 1983; Parker et al. 2005) . Declines in these vital signs could result in reduced herd productivity; therefore, changes in vegetation has the potential to affect Caribou populations and people who depend on them. Joly et al. (2007b Joly et al. ( ) investigated 25 permanent vegetation transects, originally deployed in 1981 Joly et al. ( , in 1995 Joly et al. ( and 1996 Joly et al. ( (1995 Joly et al. ( /1996 and then reexamined them in 2005. All transects were located in and around the Buckland River valley, which is entirely within the core winter range of the WAH in northwestern Alaska, USA (Dau 2005a; Joly et al. 2007a ). Joly et al. (2007b) laid out a sampling frame (1.0 × 0.5 m) every 4 m along the 50-m transect for a total of 12 frames per transect. The frame was strung every 10 cm along both axes, which created 50 intercepts. The first species observed under the intercept was recorded and a percent cover was derived. Each species was assigned to one of following categories: lichen, graminoid, moss, shrub, or forb (see Joly et al. 2007b for more details). Un-vegetated observations (e.g., rocks) were assigned to a different category.
Methods
We collected composite fecal samples at 24 of these same transects both in 1995/1996 and in 2005. At one of the 25 transects we were unable to locate enough samples to conduct analyses. Each composite sample contained about 20 winter (based on form and herd distribution) fecal pellets collected from different pellet groups -one pellet per group. In a few cases, when 20 individual pellet groups were not available, we took two pellets from each group. The samples were frozen and then shipped to a laboratory (see Acknowledgments) for composition analysis. All samples from both sampling periods were analyzed by the same technician during the same session to reduce potential sources of error (see Russell et al. 1993) . The relative density of plant fragments was based on 100 fields per sample.
The uncorrected results were compared to changes in vegetative cover determined from the permanent transects. The uncorrected fecal analysis results provided estimates of diet composition but did not provide proportions of ingested diet (Boertje et al. 1985; Russell et al. 1993 ). Unfortunately, a large percentage (> 80%) of the shrub particles were classified as "Other" or "Unknown", so we were not able to determine if they should be classified as evergreen or deciduous shrubs. Therefore we were unable to apply Russell et al.'s (1993) correction factor for digestibility. Paired t-tests were employed to identify significant changes in percent cover and diet between 1995/1996 and 2005. We calculated Ivlev's index of selectivity (Ivlev 1961 ) using the formula: (U-A) / (U+A), where U (utilization) was the amount of a vegetation type found in the fecal matter and A (availability) was the percent cover of that type found on the paired transect.
Results
The permanent vegetation transects indicated changes in vegetation from 1995/1996 to 2005 in the winter range of the WAH. Significant declines in lichen abundance were noted, while both graminoids and shrubs increased during this time period (Table  1 ; Joly et al. 2007b) .
The changes in vegetative cover were mirrored by changes in the paired fecal composition of WAH Caribou between 1995 /1996 (Table 2 ). The proportion of lichen found in the fecal pellets de clined significantly (T = 3.73, P < 0.001, df = 23), while the proportion of graminoids increased (T = 3.53, P < 0.0021, df = 23). The mean proportion of Cladina spp. declined from 21.8% to 15.2% from 1995/1996 to 2005 (T = 4.71, P < 0.001, df = 23). This decline in Cladina spp. represented 84% of the decline in overall lichen in fecal matter over this time period. There were no significant differences in the proportion of Cetraria spp., Cladonia spp., or non-preferred lichens (e.g., Alectoria spp., Bryoria spp., Peltigera spp., etc.) between 1995/1996 and 2005. There were no significant differences in the other vegetative classes (Table 2) .
Lichens and mosses were found in the fecal matter of WAH Caribou more than they were present in the environment in both 1995/1996 and 2005 (Figure 1 ). Ivlev's (1961) index of selectivity increased for lichens between 1995/1996 and 2005, despite declines in lichen availability. The index decreased for mosses as its availability declined (Figure 1 ). Graminoids and shrubs were more common on the landscape than in the fecal matter of Caribou in both 1995/1996 and 
Discussion
Lichen content in the winter diet of Caribou has been reported to be from 62 -69% (Thompson and McCourt 1981; Boertje 1984; Boertje et al. 1985; Russell et al. 1993 ). While our results show somewhat lower lichen content (51 -59%), we were not able to apply correction factors to account for differential rate of digestibility among vegetation types. Lichen content is typically under-represented without correction factors (Russell et al. 1993) , so our results are likely similar to these previous studies (though see Boertje et al. 1985) .
We know of no other studies that have tracked the diets of Caribou over a decade and directly related detailed vegetative cover surveys to dietary analyses. Our results show that the recent winter diet of WAH Caribou contains less lichen and more graminoids than in the past, tracking changes in vegetative cover from 1995/1996 to 2005 reported by Joly et al. (2007b) . The percent of lichen in the fecal matter was 3.5 -4 times greater than the percent of lichen cover in the environment, suggestive of selection. Caribou used areas of high lichen cover more than other areas (Joly et al. 2007b ). The significant reduction of Cladina spp. in the fecal matter between time periods was also reflected in declines of primary forage lichen on the landscape (Joly et al. 2007b) . Grazing was likely a factor that drove the decline in lichen in northwest Alaska (Joly et al. 2007b) . It may take a couple of decades for lichens to recover from intense grazing, barring further disturbance (Henry and Gunn 1990) .
Shrubs are significantly increasing in the Arctic (Sturm et al. 2001; Joly et al. 2007b ); however, we did not detect a corresponding increase in shrubs in the diet of WAH Caribou. Shrub expansion could have negative impacts on individual Caribou energetics and multiplier effects on the herd (see Lawler and White 2006) . Other researchers have reported increased moss cover where Caribou range has been heavily grazed (Klein 1987; van der Wal 2006) , but changes in moss cover were not detected within the range of the WAH during this time period (Joly et al. 2007b) . Mosses were present in the fecal matter in greater percentages than were found on the landscape; however we believe this is due to its low digestibility rather than Caribou selecting for this forage type (Boertje et al. 1985) .
Climate warming is another factor that has been im plicated in declining lichen cover within the range of the WAH (Joly et al. 2007b) . Fire activity is strongly correlated with warm summer temperatures in Alaska and Canada (Duffy et al. 2005; Kasischke and Turetsky 2006) . The frequency and extent of fires is predicted to increase due to global warming (Rupp et al. 2000; McCoy and Burn 2005) . Lichens within the range of the WAH are slow to recover from wildfire, often taking many decades to recover to initial levels (Arseneault et al. 1997; Jandt et al. 2008) . Overwintering Caribou are known to avoid burned areas in both tundra and boreal forest, in northwest Alaska, for up to 55 years (Joly et al. 2007a) . Lack of lichens in these areas has been hypothesized to be a reason for this avoidance though other factors have been suggested (see review by Klein 1982) . Lichen cover has been declining in the study area since 1981 (Joly et al. 2007b) . Potential outcomes of continued declines in lichen cover in winter range include range shifts and population-level effects (Ferguson et al. 2001; Joly et al. 2007b) . Caribou nutritional status should not be assessed based on lichen abundance alone (Boertje 1990) . Studies in the high Arctic studies have shown that Caribou can be less reliant on lichens (Thomas and Edmonds, 1983; Adamczewski et al. 1988 ). However, these Caribou do not face the predatory pressure and migratory expense that WAH Caribou do and also differ phenotypically. Additional differences between these types include greater ability of the high Arctic Caribou to store fat and digest graminoids and mosses (Tyler 1987) . Large, migratory herds of barren-ground Caribou, like the WAH, are thought to be reliant on abundant terricolous lichens (White et al. 1981; Klein 1991; Heggeberget et al. 2002) . Nevertheless, it has been suggested that Caribou may not be negatively affected by a change from a lichen-rich diet to a graminoid-rich diet as ecosystems transition to graminoid-dominated states (van der Wal 2006).
Adult survival rates would be the least sensitive population parameter to potential declines in nutritional status, so biologists and managers should monitor pregnancy rates and calf to cow ratios to detect early signs of nutritional stress. Declines in these parameters may imply that the nutritional status of the herd is declining due to poor range conditions and that the transition to a graminoid diet may impact the herd. Recruitment in the WAH has been slowly declining (Dau 2005a ) and the most recent photo-census (2007) revealed a 20% decline in the herd (J. Dau, personal communication) , which may be incipient indications of the importance of lichens to this herd. Predation is not likely a major factor in these declines with the herd size being so large and predator densities relatively low (Ballard et al. 1997; Haskell and Ballard 2007) , though density-independent icing events may be a factor (Dau 2005b) . Although the debate over the relative importance of lichens in the winter diet of Caribou remains unresolved, our results reveal that WAH Caribou use lichens extensively in the winter despite their declining abundance on the landscape in northwestern Alaska.
